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5 The present invention relates to an electrical heating element that includes a radiant tube. 

Heat treatment processes require a much more uniform power supply in order to be made 
cost effective/optimised. The ability to heat-treat goods without subsequent 
truing/correction of the goods is a must. 

10 

The possibility of being able to adjust the properties of materials structurally by heat 
treatment increases the requirement for uniform power supply. 

One example in this regard is found in the production of metal sheeting. Metal sheeting is 
15 produced in different thicknesses, widths lengths and mechanical strength classes, all in 
accordance with customer's requirements. These product variations result in the 
inducement of different states of strain by the energy applied. 

It can be said in general that an increase in the width of the sheeting lowers production 
20 costs and that custom-produced sheet widths increase material costs, although this latter 
can be avoided by reducing scrap in the final production. 

In order to be able to produce all variants, it is elected to construct the heat treatment 
equipment for a greatest width. 

25 

It is therefore desirable to enable the heat treatment equipment to be provided with a 
heating system with which the power can be varied transversely of the oven or furnace. 

However, a problem arises when it has been elected to provide the equipment with radiant 
30 tubes in order to maintain a controlled atmosphere. 



This problem is normally solved, by installing elements that cover different widths of the 
furnace space, so that the power developed can be varied in keeping with the product under 
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treatment. This means, however, that it is not possible to install maximum power density in 
relation to the furnace space delimiting surfaces, measured in kW/m 2 . 

Another way is to use spiral elements that are disposed in different zones which are 
5 provided with power outlets that extend coaxially with the axis of the spiral. This element 
system cannot, however, be dimensioned for a high power output for each radiant tube. 

With regard to reliability combined with the possibility of obtaining a high power output 
with each radiant tube, the type of element that is most attractive is the type normally 
10 referred to as a bird cage element, a so called Kafigelement, or bundle rod element sold by 
Kanthal AB, Sweden, under the name Tubothal. 

This type of heating element has, however, been designed as a series-connected element in 
which the heating filaments, or threads, describe a single loop between two power outlets. 

15 Star-connected or delta-connected loops are also used in the case of larger heating 
elements, wherewith the elements are provided alternatively with three or with four outlets. 
It is also known to connect the element loop in parallel between two power outlets in the 
case of applications where a low supply voltage is desired. Cases are also known in which 
four outlets are used, wherewith it is possible conceivably to connect up a loop that is 

20 operative both when desiring a sub-power and a full power. 

A common failure with these traditional element constructions, however, is that power 
cannot be distributed differently along the long axis of the radiant tube. The reason for 
refraining from providing the heating element with two or more zones along its axis is 
25 because the inclusion of additional outlets and connections in the element have a far too 
great influence on the space available for the heat generating filaments of the element, 
since these additional outlets must run within the radiant tube, therewith excluding the high 
power advantage. There is also the risk of an electric spark-over, especially when NiCr- 
type filaments are used. 

30 

This problem is solved by the present invention. 

Accordingly, the present invention relates to an electric heating element that includes a 
radiant tube in which there is placed a radiation pipe and an electric heating element, 
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wherein the heating element has current conducting legs that extend to and fro in the pipe, 
and wherein the heating element is connected at one end of the pipe close to a furnace wall 
with power outlets through which electric current is fed to the element, wherein the 
element is supported in the pipe by ceramic discs that are provided with through- 
5 penetrating holes through which respective legs extend, wherein the pipe contains two 
elements disposed sequentially in the pipe along its long axis and wherein the heating 
element is characterized by a central rod that extends through the centre of the radiation 
pipe from said one end to the other end of said pipe and also through the centre of each 
disc, and is further characterised in that the central rod forms a power outlet for at least one 

10 of said heating elements; in that a connection region for said two heating elements in the 
radiation pipe is situated between the elements in the longitudinal direction of the pipe, 
wherein respective elements are connected to their respective power outlets in said 
connection region, in that the heating element includes stop means which function to 
generally retain ceramic discs present in the connection region in a direction along the long 

15 axis of the pipe, and in that ceramic discs for supporting respective elements are placed at a 
distance from said connection region, wherein at least some of said ceramic discs are able 
to move freely along the pipe to an extent allowed by element-related stop means as 
respective elements expand or contract in response to a change in the temperature of said 
elements. 

20 

The invention will now be described in more detail, partly in conjunction with an 
exemplifying embodiment thereof illustrated in the accompanying drawings, in which 

Figure 1 is a sectional view of a radiant tube containing electrical heating elements; 

25 

Figure 2 is a sectional view taken on the line A-A in Fig. 1 ; 
Figure 3 is a sectional view taken on the line B-B in Fig. 1 ; 
30 Figure 4 is a sectional view taken on the line C-C in Fig. 1 ; 
Figure 5 is a sectional view taken on the line D-D in Fig. 1; 
Figure 6 is a sectional view taken on the line E-E in Fig. 1 ; 
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Figure 7 is a sectional view taken on the line F-F in Fig. 1 ; and 

Figure 8 illustrates schematically ceramic discs and heating elements contained in a 
radiation pipe. 

Figure 1 illustrates a radiant tube that includes a radiation pipe 1 and an electrical heating 
element 2, 3 contained in said pipe. Each heating element 2, 3 has legs which run to and 
fro in the pipe 1. The heating elements are connected at one end 8 of the pipe close to a 
furnace wall 7 with outlets 4, 5, 6 through which electric current is fed to the elements. The 
elements 2, 3 are supported in the pipe by ceramic discs 9 that are provided with through- 
penetrating holes through which respective legs extend. 

The pipe 1 and the supportive discs 9 are comprised of an oxidic material of AL, Si, Mg, 
and/or Y, or nitrides or borides of the substances Si and/Ti. A typical material is AI2O3. 
The pipe 1 may also be made from an FeCrAl-material. 

Two elements are situated mutually sequentially in the radiation pipe 1 in the direction of 
its long axis. 

The pipe is shown divided axially in Figure 1 and the elements are shown divided along 
the respective lengths of the pipe and said elements. 

In accordance with the invention a central rod 10 extends through the centre of the 
radiation pipe 1 from said one end 8 to the other end 11 of said pipe. The rod 10 runs 
through the centre of each ceramic disc 9 and is comprised of an electrically conductive 
material and suitably of the same material as the elements, preferably an FeCrAL-material. 

The central rod 10 forms a power outlet for at least one of said heating elements 

Moreover, an element connection region 12 for said two heating elements 2, 3 contained in 
the radiation pipe is situated between the elements in the longitudinal direction of the pipe, 
wherein respective elements are connected to their respective power outlets in said 
connection region. This means that the element connection region situated essentially 
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5 

midway along the pipe will form the thermal reference point with respect to the thermal 
linear expansion of said elements. 

Stop means are included which function to generally retain ceramic discs 9 present in the 
5 connection region 12 in a direction along the long axis of the pipe. 

Additional ceramic discs 9 for supporting respective elements 2, 3 are placed in spaced 
relationship with said connection region 12, wherein said ceramic discs are able to move 
freely along the pipe to the extent allowed by the element-related stop means as respective 
10 elements 2, 3 expand or contract in response to a change in the temperature of said 
elements. 

In brief, the aim of the invention is to collect together the connection zones in a compact 
volume and to use as a power outlet 5 a component that was earlier necessary solely from a 
15 mechanical aspect, i.e. the central rod 10. This results in an increase in radiating filament 
surfaces that face towards the interior of the pipe 1 and enables said surfaces to be used as 
power outputs. 

The use of FeCrAl-material, and then particularly the use of a material designated Kanthal 
20 APM, reduces the space necessary for accommodating permanent linear expansion of the 
elements. Moreover, the risk of over-sparking and the risk of creep currents occurring are 
greatly reduced because of the low brittleness of the material. Fracturing of the material is, 
in principle, non-existent, and if fracturing should occur it will occur in the aluminium 
oxide, which is an electric insulator. ? 

25 

Exploitation of the good oxidation/corrosion properties of the FeCrAl-material, even at the 
high working temperatures that result from high energy densities, enables the volume 
optimised bridging ? and outlet connection zones 12 to be placed selectively along the axis 
of respective elements. In addition to giving freedom in design, there is also obtained an 
30 advantage that allows the two power zones to be given a common thermal expansion 
reference point, which reduces the risk of undesirable mechanical deformation caused by 
irregularities in thermal expansion induced by different degrees of free radiation with 
respect to the elements, friction, thermic mass, the position of the elements in the furnace, 
etc.. 



WO 2005/006812 PCT/SE2004/001048 

6 

The outlet 4 or the outlets 4, 6 that runs/run to respective elements 2, 3 from said one end 8 
of the pipe to form an electric circuit with the central rod 10 extends/extend through the 
supportive ceramic discs 9. 

5 In one preferred embodiment ceramic sleeves 13 - 17 are disposed on the outside of and 
along the central rod 5. In addition to spacing apart the ceramic discs 14, 15 situated at 
respective ends of the legs of said elements at the ends of the pipe, the sleeves, together, 
are also adapted to space apart the ceramic discs 9. 

10 It is preferred that the ceramic discs 14, 15 located at the ends of the legs of respective 
elements run on the outside of said sleeves. The ceramic disc 15 located at said other end 
of the pipe may run directly on the central rod 5. 

Preferably, the central rod 5 will be supported at its non-current conducting ? end by a 
15 ceramic disc that is fastened to the central rod 5 by means of plates 29, 30. 

The sleeves 13 - 17 are functional in holding in place the ceramic discs 18-21 located 
centremost in the connection region along the central rod, as well as the ceramic discs 22, 
23 that lie closest to the connection region and a ceramic disc that lies closest to said other 
20 end 11 of the pipe. Movement of the ceramic disc 24 to the right in Fig. 1 is limited by a 
plate 25 fastened to the central rod. 

It is preferred that the leg is short-circuited at at least certain ends 26 thereof with the aid of 
an electric conductor, such as a plate comprised of the same material as the elements, 
25 placed close to said supportive ceramic disc 9 and on the opposite side of the ceramic disc 
relative to the leg end 26. This arrangement ensures that the ceramic disc will be retained 
at the ends of the legs of respective elements. 

The fastening described above means that when the elements expand in response to a 
30 temperature increase, they will expand by virtue of their ends located at the ceramic discs 
14, 15 moving to the left or to the right in Fig. 1. The ceramic discs 14, 15 will also move 
herewith to the left or to the right in Fig. 1 . This is illustrated in Fig. 1 by the discs 14a and 
15a, However, the connection zones will remain generally stationary. Since expansion 
takes place outwardly in the pipe in both directions, uniform thermal radiation is retained 
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7 

along the length of the pipe, which would not be the case if the thermic reference point lay 
adjacent to or at one end of the pipe. 

The radiation pipe will preferably be a closed pipe, so that the elements will not be affected 
5 by the furnace atmosphere. 

It is also preferred that two radiation pipes 1 are placed axially one after the other in a 
furnace space, such s to cover essentially tie width of the furnace. In such a case, the 
current receiving end of respective pipes faces towards the furnace wall. 

10 

Figure 8 is an incomplete schematic illustration from which it will be seen that said short- 
• circuiting plates are also used to connect and to short circuit elements in the connection 
region 12. 

15 Figures 2 - 7 are respective sectional views of the radiant tube in Fig. 1. Reference 
numeral 31 denotes electrically conductive plates for joining together and short circuiting 
different legs 32 of the elements. The reference numeral 33 denotes leg ends that lie 
beneath the ceramic plate shown in the Figure. The reference numeral 34 denotes leg ends. 

20 According to a preferred embodiment of the invention the element located furthest away 
from the outlet-fitted furnace wall is powered through the central rod 5 and a separate lead- 
in 35; see Figs. 2-7. The other element 2 is powered through two separate lead-ins 36, 37. 

According to another preferred embodiment both elements are powered through said 
25 central rod and a separate lead-in for each element. 

Although the above description is concerned with a horizontally mounted radiant tube, it 
will be understood that the tube may, alternatively, be mounted vertically. In this latter 
case, a ceramic pipe is mounted directly on the central rod and extends right down to the 
30 bottom of the outer pipe 1. In this case, ceramic discs and said sleeves are stacked along 
the ceramic pipe right up to the furnace roof 7. In other respects, the radiant tube is 
configured as describe above. 
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It is thus obvious that the present invention solves the problem mentioned in the 
introduction. 

Although the invention has been described with reference to various embodiments thereof, 
5 it will be understood that more or fewer legs may be used, that the ceramic discs may have 
a design different to that described, and that the elements can be connected up in some 
other way than that described. 



10 



The present invention shall therefore not be seen to be restricted to said embodiments, 
since variations and modifications can be made within the scope of the accompanying 
claims. 
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1. An electric heating element with radiant tube comprising a radiation pipe (1) and an 
electric heating element (2, 3) contained in said pipe, wherein the heating element has legs 
5 that run to and fro in the pipe, and wherein the heating element is connected at one end of 
the pipe close to a furnace wall with electric power outlets through which electric current is 
fed to the element, wherein the element is supported in the pipe by supportive ceramic 
discs (9) that are provided with through-penetrating holes through which respective legs 
extend, and wherein two heating elements (2, 3)are disposed sequentially in said radiation 

10 pipe along its long axis, characterized in that a central rod (5) extends through the 
centre of the radiation pipe (1) from its one end (8) to its other end (11) and also through 
the centre of each supportive disc (9); in that the central rod forms an electric power outlet 
for at least one of said heating elements (3); in that a connection region (12) for said two 
heating elements in the radiation pipe is situated between the elements in the longitudinal 

15 direction of the pipe (1), wherein respective elements are connected to their respective 
power outlets (4 - 6) in said connection region; in that the heating element includes stop 
means (13 - 17) which function to generally retain ceramic discs (18 - 23) present in the 
connection region in a direction along the long axis of the pipe; and in that supportive 
ceramic discs (9) for supporting respective elements are placed at a distance from said 

20 connection region (12), wherein at least some of said ceramic discs (14, 15) are able to 
move freely along the pipe (1) to an extent allowed by element-related stop means (27) as 
respective elements expand or contract in response to a change in the temperature of said 
elements. 

25 2. An electric heating element according to Claim l,characterisedin that the 
power outlet (4) or the power outlets (4, 6) that runs/run to respective elements (2, 3) from 
said one end of the pipe to form an electric circuit with the central rod (5) extends/extend 
through the ceramic supportive discs (9). 

30 3. An electric heating element according to Claim 1 or 2, characterised in that 
ceramic sleeves (13 - 17) are disposed on the outside of and along the central rod (5). 
wherein said sleeves are together adapted to space apart the supportive ceramic discs (9) 
in addition to spacing apart the ceramic discs (14, 1 5) situated at respective ends of the legs 
of said elements (2, 3) at the ends (8, 1 1) of the pipe. 
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10 

4.. An electric heating element according to Claim 12 or 3, characterised in that the 
ceramic discs (15, 15) located at the ends of the legs of respective elements run along the 
outside of said sleeves (13). 

5 5.. An electric heating element according to Claim 1,2, 3 or 4, characterisedin that 
the leg is short-circuited at at least certain ends (26) thereof with the aid of an electric 
conductor (27) placed close to said supportive ceramic disc (9) and on the opposite side of 
the ceramic disc relative to the leg end (26). 

10 6. An electric heating element according to Claim 1, 2, 3, 4 or 5, c h a r a c t e r i s e d in 
that a ceramic disc (28) is fastened to the central rod (5) at its free non-current-receiving 
end. 

7.. An electric heating element according to Claim 1, 2, 3, 4, 5 or 6 c h a r a c t e r i s e d in 
1 5 that the radiation pipe (1) is a closed pipe. 

8.. An electric heating element according to Claim 1, 2, 3, 4, 5, 6, or 7 c h a r a c t e r i s e d 
in that two radiation pipes (1) are placed axially one after the other in a furnace space, such 
as to cover essentially the width of the furnace. 

20 

9.. An electric heating element according to any one of the preceding Claims, 
characterisedin that the element (2) located furthest from the furnace wall (7) with 
a power outlet is powered through said central rod and a separate lead-in (35); and in that 
the other element is powered with the aid of two separate lead-ins (36, 37). 

25 

10. An electric heating element according to any one of Claims 1-8, characterised 
in that both elements (2, 3) are powered through said central rod (5) and a separate lead-in 
for each element. 



WO 2005/006812 



PCT/SE2004/001048 



1/3 




C*l IDOTITI ITC C»LICFT /r>l II IT OZ>\ 



WO 2005/006812 



PCT/SE2004/001048 



2/3 




Ol IDPTITI ITC CUCCT /Dl II C OCX 



WO 2005/006812 



PCT/SE2004/001048 




Ol IOCTITI ITC PUCCT /Dl II C 1C1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 2004/001048 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7: H05B 3/64 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: H05B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



EPO-INTERNAL, WPI DATA, PAJ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 2372212 A (G. GEWIN), 27 March 1945 
(27.03.1945) 



US 4179603 A (JON G. ZEIGLER ET AL), 
18 December 1979 (18.12.1979) 



j™J Further documents are listed in the continuation of Box C. | )([ See patent family annex. 



* Special categories of cited documents: 

* A* document defining the general state of the art which is not considered 

to be of particular relevance 

*E* earlier application or patent but published on or after the international 
filing date 

*V document which may throw doubts on priority daim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 
means 

"P tf document published prior to the international filing date but later than 
the priority date claimed 



*T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

°X" document of particular relevance: the cl aimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

*&." document member of the same patent family 



Date of the actual completion of the international search 

27 Sept 2004 



Date of mailing of the international search report 

3 0 -09- 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized officer 

MAGNUS WEST06/MN 

Telephone No. + 46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



03/09/2004 



International application No. 
PCT/SE 2004/001048 



US 2372212 A 
US 4179603 A 



27/03/1945 
18/12/1979 



GB 

BR 
IN 



595060 A 

7805740 A 
150772 A 



26/11/1947 

24/07/1979 
11/12/1982 



Form PCT/ISA/210 (patent family annex) (January 2004) 



